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In order to provide an exhaust muffler for an internal com 
bustion engine, especially a portable implement, comprising 
a catalyst which is arranged in a housing which has at least 
one inlet opening and one outlet opening for exhaust gas 
flowing out from the internal combustion engine into the 
environment, in which the temperature of the exhaust gas in 
the area of the outlet into the environment is reduced substan 
tially and/or a sufficiently long path length is made available 
so that flame development can be avoided especially in the 
outlet area of the exhaust muffler, it is proposed that the outlet 
opening has at least one means through which exhaust gas 
flows, which is arranged partially outside the housing and has 
an outlet facing the environment, whereby the flow path of the 
exhaust gas in the direction of the environment is lengthened. 
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EXHAUST MUFFLER 

BACKGROUND OF THE INVENTION 

0001. The invention relates to an exhaust muffler for an 
internal combustion engine, especially of a portable imple 
ment, comprising a catalyst which is arranged in a housing, 
which has at least one inlet opening and one outlet opening for 
an exhaust gas flowing from an internal combustion engine 
into an environment. 

0002 The exhaust gases from internal combustion 
engines generally enter the catalyst at an exhaust gas tem 
perature of about 600 oC. A chemical conversion of the 
exhaust gases takes place inside the catalyst. In this case, 
three processes take place simultaneously adjacent to one 
another: NOX is reduced to nitrogen, releasing oxygen, CO is 
oxidized to CO2 and HC compounds are oxidized to CO2 and 
H2O, consuming oxygen at the same time. As a result of the 
chemical conversion processes, the temperature of exhaust 
gas “converted by the catalyst is increased to about 1000 oC. 
When this heated exhaust gas emerges from the catalyst, there 
is a risk of afterburning if sufficient HC and O2 is present and 
the ignition temperature is exceeded. 
0003. This is especially disadvantageous in the case of 
portable implements since the operator of such an implement 
can be injured by flame formation or combustible materials 
located in the vicinity can be ignited. 
0004. Described from DE 79 25 614 U1 is an exhaust 
muffler which has an inlet space and an outlet space from 
which an exhaust gas is led away. In the area of the outlet a 
branched partial stream of cooling air is Supplied to the 
exhaust gas stream, which is mixed with the exhaust gas at the 
outlet and provides for a reduction in temperature. It is dis 
advantageous however that a Sufficient reduction in the tem 
perature of the exhaust gas stream is not achieved in the area 
of the outlet. 

0005 Known in accordance with DE 19834822A1 is an 
exhaust muffler which is mounted on an internal combustion 
engine of a hand-held implement. In this case, the exhaust 
muffler has a housing with a catalyst element which is posi 
tioned between an exhaust gas inlet and an exhaust gas outlet. 
0006 Furthermore, a first partial stream of the exhaust gas 
stream inflowing via the exhaust gas inlet is brought in con 
tact with the catalyst element and a second partial stream 
flows substantially without contact with the catalyst element 
to the exhaust gas outlet. Before leaving the housing, the 
partial streams are brought together and mixed. In this case 
also no satisfactory reduction in the exhaust gas outlet tem 
perature is achieved, whereby the afore-mentioned hazards 
could be avoided. 

0007 DE 3829 668 C3 proposes an exhaust gas muffler in 
which a catalyst is arranged with a spacing on all sides in 
side a housing of the exhaust gas muffler, wherein the con 
verted exhaust gas is led out of the catalyst to the outlet 
through an exhaust gas end pipe, wherein the exhaust gas end 
pipe lies inside the muffler housing over most of its length 
with spacing on all sides and is flushed with untreated exhaust 
gas, and the treated exhaust gas is led away from the muffler 
housing into the ambient air through a starting section of the 
exhaust gas end pipe. This cooling of the pipe behind the 
catalyst inside the muffler by unconverted exhaust gas is 
inferior to the additional cooling by ambient air and the muf 
fler is expensive and costly to produce since the pipe must be 
made of stainless Steel for example and there is a high degree 
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of forming. In addition, the proposed solution merely leads to 
short pipe lengths since the length must be realized inside the 
muffler. 

SUMMARY OF THE INVENTION 

0008. It is the object of the invention to provide an exhaust 
muffler in which the temperature of the exhaust gas is reduced 
substantially in the area of the outlet into the environment 
and/or a sufficiently long path length is made available so that 
flame development can be avoided especially in the outlet 
area of the exhaust muffler. 

0009. In order to solve this object, a device having the 
features of claim 1 is proposed. Preferred further develop 
ments of the exhaust muffler according to the invention are 
specified in the dependent claims. 
0010 For this purpose, it is provided according to the 
invention that the outlet opening has at least one means 
arranged inside and/or outside the housing whereby the flow 
path of the exhaust gas in the direction of the environment is 
lengthened. The means through which exhaust gas flows and 
which comprises an outlet facing the environment, can for 
example, have a wall which is constructed as a labyrinth 
shaped channel in which the heated exhaust gas flowing from 
the catalyst is guided. The flow path of the exhaust gas to the 
environment is lengthened by the labyrinth-shaped construc 
tion of the channel so that any emergence of flames from the 
exhaust muffler is largely avoided. Whilst the exhaust gas 
flows through the means, residual hydrocarbons can still be 
burnt (oxidized) in the exhaust gas. In addition, as a result of 
heat conduction, the exhaust gas stays along the wall so that 
no ignition of the exhaust gas occurs in the outlet (opening 
region) of the exhaust muffler. In this case, it is unimportant 
whether part of the lengthening of the flow path is arranged 
inside and/or outside the housing. In addition to avoiding any 
flame formation and reducing the exhaust gas temperature in 
the outlet region, the lifetime of the exhaust muffler is further 
increased by the arrangement according to the invention. In 
this case, the arrangement of the means outside the housing 
has the advantage that the ambient air has a cooling effect on 
the exhaust gas flowing inside the means. From the aesthetic 
point of view, an arrangement of the means inside the housing 
can be preferred. 
0011. In a further embodiment of the invention, the means 
can be constructed as a bent pipe. The pipe can, for example, 
have a spiral-shaped or helical profile, preferably with a plu 
rality of turns or with straight sections approximately at right 
angles to one another. In the case of the helical pipe, the pipe 
can be bent in different directions. One of the advantages of 
spiral or helical pipes, especially in the arrangement with 
sections constructed approximately 
0012 More appropriately, the means can have an outlet 
which has the form of a diffuser. The diffuser arrangement has 
the advantage that in the area of the outlet, thorough mixing of 
the cooler ambient air with the warmer exhaust gas flowing 
through the diffuser is favored, whereby a reduction in the 
exhaust gas temperature in the outlet region is achieved. 
0013. In a further alternative of the invention, the pipe is 
constructed with a plurality of openings. In this embodiment 
of the exhaust muffler, the pipe is preferably arranged outside 
the housing. The hot exhaust gas flows, for example, through 
the helical pipe, wherein an underpressure is formed from the 
flow technology point of view on the outside of the pipe in the 
area of the openings. Consequently, ambient airis Sucked into 
the pipe through the openings so that the hot exhaust gas is 
mixed with the coolerambient air inside the pipe and thus the 
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exhaust gas temperature is further reduced in the outlet of the 
exhaust muffler. Thus, any flames formed in the exhaust gas 
can be extinguished. 
0014. The exhaust muffler according to the invention can 
have at least one bypass pipe which guides at least part of the 
exhaust gas flowing out of the internal combustion engine 
past the catalyst into the means. It is advantageous if non 
converted "cold exhaust gas is specifically brought together 
with the hot exhaust gas flowing out of the catalyst, which 
results in an appreciable reduction in the temperature of the 
exhaust gas in the opening area. The bypass pipe can for 
example be constructed as a pipe which has an exhaust gas 
inlet and an exhaust gas outlet wherein the exhaust gas inlet is 
preferably facing the inlet opening of the housing. The 
exhaust gas outlet is positioned behind the catalyst. 
0015. If the means according to the invention, for 
example, the helical pipe, is arranged outside the housing, it is 
advantageous that the exhaust muffler has a protective ele 
ment extending above the pipe. This protective element 
serves as a type of contact protection and cooling air baffle 
plate which protects the user from the high temperatures of 
the pipe. To save weight, the protective element can be con 
structed as a perforated sheet. In this case, the protective 
element can be attached Subsequently to the housing, for 
example, by means of a screw connection. In order that only 
minimal heat conduction takes place between the housing and 
the protective element, the protective element is preferably 
only affixed at a few points on the housing. Furthermore, the 
fixing points can have insulating elements which largely 
inhibit passage of heat. The insulating elements can, for 
example, be insulating spacers. The Switching element can 
also be formed by the equipment cover/coverhood/air guid 
ing hood or it can be affixed thereto. 
0016. In a further embodiment of the invention, a dividing 
wall can be provided in the housing so that a first and a second 
space is formed inside the housing. In this embodiment the 
catalyst is arranged on the dividing wall and represents the 
connection between the first and the second space. The divid 
ing wall preferably has at least one bypass opening. 
0017. The exhaust gas on the one hand flows through the 
bypass opening from the first into the second space. On the 
other hand, a partial stream of the exhaust gas is guided 
through the catalyst in which the harmful components of the 
exhaust gas are converted. The hot exhaust gas emerging from 
the catalyst enters into the second space and mixes with the 
colder exhaust gas flowing into the second space through the 
bypass opening. The bypass opening further eliminates any 
throttle effect of the catalyst and any reduction in perfor 
mance resulting therefrom. 
0018. Further advantages, features and details of the 
invention are obtained from the following description in 
which several embodiments of the invention are described in 
detail with reference to the drawings. In this case, the features 
mentioned in the claims and in the description can be impor 
tant for the invention for themselves or in any combination. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019. In the figures, shown purely schematically: 
0020 FIG. 1 is a sectional view of an exhaust muffler with 
an internal combustion engine; 
0021 FIG. 2 is a perspective view of an exhaust muffler; 
0022 FIG. 3 is an exhaust muffler in an alternative 
embodiment; 
0023 FIG. 4 is a further embodiment of the exhaust muf 

fler; 
0024 FIG. 5 is a further embodiment of the exhaust muf 

fler; 
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0025 FIG. 6 is a further embodiment of the exhaust muf 
fler; 
0026 FIG. 7 is a further embodiment of the exhaust muf 
fler; 
0027 FIG. 8 is a perpendicular sectional view of the 
exhaust muffler from FIG.7: 
0028 FIG. 9 is a further embodiment of the exhaust muf 

fler; 
0029 FIG. 10 is a further embodiment of the exhaust 
muffler, a perpendicular sectional view of the exhaust muffler 
from FIG. 9; 
0030 FIG. 11 is a sectional view of a further embodiment 
of the exhaust muffler with a bypass pipe; and 
0031 FIG. 12 is a sectional view of a further embodiment 
of an exhaust muffler. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0032 FIG. 1 shows an exhaust muffler 100 with an inter 
nal combustion engine 11, which is a component of a hand 
held tool which however is not shown, as an example. The 
tool can for example be a motor-driven chain saw, a disk 
grinder or the like. The exhaust muffler 100 has a housing 12 
in which a catalyst 10 is arranged. Furthermore, the housing 
12 is constructed with a plurality of inlet openings 13 through 
which exhaust gas is passed from the motor 11 into the 
exhaust muffler 100. The exhaust gas enters the housing 12 at 
a temperature of around 600 oC. Inside the housing 12 the 
catalyst 10 converts the hydrocarbons contained in the 
exhaust gas large into carbon dioxide and Water. The chemical 
conversion process involves an exothermic reaction process 
wherein the around 600 oChot exhaust gas from the motor 11 
can be further heated to temperatures above 1000 oC in the 
housing 12. 
0033. The housing 12 is further constructed with an outlet 
opening 14 through which the exhaust gas is guided from the 
housing 12. In this embodiment the catalyst 10 is arranged on 
an area of a housing wall which is constructed with the outlet 
opening 14. Outside the housing 12 in the area of the outlet 
opening 14, a means 16 in the form of a helical bent pipe 17 
is arranged whereby the flow path of the exhaust gas in the 
direction of the environment 15 is lengthened (see FIG. 2). In 
this embodiment the pipe 17 has two ends, the first end facing 
the outlet opening 14. 
0034. The second end is a free end through which the 
exhaust gas flows into the environment 15. 
0035. The converted exhaust gas emerging from the cata 
lyst 10 flows through the outlet opening 14 and enters into the 
bent pipe 17. In the present embodiment the pipe 17 is bent at 
the first end in the direction of the housing wall. 
0036 Along the further profile the pipe 17 has a spiral 
profile and is constructed with an outlet opening 18 at the free 
end through which the exhaust gas enters the environment 15. 
As a result of the lengthened flow path, the hot exhaust gas is 
cooled along the pipe wall 17 so that any flame effect formed 
inside the pipe 17 is counteracted. As a result of such a simple 
arrangement, a significant reduction in the temperature of the 
exhaust gas leaving the exhaust muffler 100 or the bent pipe 
17 is achieved. It is possible to arrange a spark arrester Screen 
(not shown) in the area of the outlet opening 18. 
0037 Affixed above the pipe 17 is a protective element 22 
(FIG. 1) which prevents the user from contacting the hot pipe 
17 and the housing wall 12. In the present embodiment the 
protective element 22 is bent in a hood shape or U-shape and 
is affixed, for example, by means of a screw connection on the 
housing 12 which is not shown in the figures. The construc 
tion of the protective element not shown in FIG. 2 is such that 



US 2008/O 135331 A1 

incoming cooling air K is guided over the pipe wall 17 in 
order to additionally cool the pipe wall 17. 
0038 FIGS. 3 and 4 show further alternative embodiments 
of the exhaust muffler 100. In FIG.3 the outlet 18 has the form 
of a diffuser 18a. FIG. 4 shows a bent pipe 17 which has a 
plurality of openings 19 in the area of the free end. As a result 
of both alternative embodiments of the pipe 17 it is achieved 
that the exhaust gas temperature is reduced in the outlet 18 
and flame formation is prevented as far as possible in the 
outlet region 18. Naturally it is also possible to combine the 
aforesaid alternatives one with another. 

0039. In the embodiment of the exhaust muffler 100 
shown in FIG. 5, a labyrinth-shaped channel 29, preferably 
constructed of a wall defined by longitudinal sections 29a-29f 
parallel to the side edges, is arranged at the outlet opening 14 
in order to maximally lengthen the flow path of the exhaust 
gas in the direction of the environment within the space avail 
able. More particularly, as illustrated in FIG. 5, the wall 29 
includes a plurality of angular bends along the length thereof, 
which are typically 90° so as to create the labyrinth-shaped 
exhaust outlet channel. The wall extends outwardly from the 
housing, and is of a lengthened path so as to cool the exhaust 
before it is finally emitted from an outlet of the channel. In this 
case, the channel is closed with a cover not shown in FIG.5 in 
order to avoid short-circuiting flow into the environment. 
0040. It can also be provided to combine the channel 29 
with a counterflow channel 129 to guide cooling air K through 
which the cooling air K is guided along on the walls of the 
channel 29. This embodiment is shown in FIG. 6. That is, a 
second wall extends outwardly from the housing in generally 
spaced relation to the first wall, the second wall defining the 
ambient airpassageway 129 for cooling the exhaust gas pass 
ing through the exhaust outlet channel. Once again, the sec 
ond wall includes a plurality of angular bends, typically 90° 
bends, along the length thereof such that sections of the wall 
are generally parallel to one another. It must then be provided 
that in the area of the channel end 130 a corresponding outlet 
opening is provided for the cooling air K in the cover not 
shown. 

0041 FIGS. 7 and 8 show a further embodiment of the 
exhaust muffler 100 whose fundamental construction corre 
sponds to the embodiment according to FIG. 2 wherein the 
bent pipe 17 is constructed by constructing the housing 12a in 
the area of the outlet opening 14 as a half-shell in which a 
channel with a hemispherical cross-section 17a is stamped to 
form the pipe 17. Placed hereon is a cover sheet 30 in which 
a corresponding channel 17b having a likewise hemispherical 
cross-section is stamped so that overall the pipe 17 is formed 
which also has two ends, the first end overlapping into the 
outlet opening 14 not shown in FIGS. 7 and 8 and the other 
end being a free end through which the exhaust gas 15 flows 
into the environment. This embodiment has the advantage 
that the construction of the pipe 17 is relatively simple from 
the production technology point of view in that the desired 
shape of the pipe 17 is simply stamped into the top 12a as a 
channel 17a having a hemispherical or another desired cross 
section and especially the easily shaped arbitrary profile and 
the cover sheet 30 is placed thereon as a half-shell having a 
corresponding profile of the channel 17b to form the pipe 17. 
In this embodiment it is also appropriate to provide a protec 
tive element not shown in FIGS. 7 and 8 to avoid direct 
contact of the pipe 17 or the cover sheet 30 wherein it is 
advantageously also possible here to use this an air baffle 
plate for the guidance of cooling so that even more effective 
cooling of the exhaust gas is possible between the outlet 
opening 14 and the outlet 18 into the environment 15. 
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0042 Compared with the embodiment shown in FIGS. 7 
and 8, the embodiment shown in FIGS. 9 and 10 is shaped 
such that the muffler outer shell 21 is stamped outwards and 
the counterpiece 23 which then forms the channel together 
with the first stamping is incorporated in the muffler. The 
advantage is that gas leaks at the joints remain in the muffler. 
The counterpiece 23 can be welded in, clamped in or affixed 
in another suitable fashion. In this case, it is also feasible that 
the stamping of the housing wall and pipe shape is as in FIG. 
1. An advantage is that complete flow of cooling air around 
the pipe and a small overall height of the total muffler is 
achieved if the pipe is attached at sufficient distance from the 
stamping of the housing wall. 
0043 FIG. 11 shows the exhaust muffler 100 from FIG. 1 
wherein a bypass pipe 20 is additionally arranged inside the 
housing 12. The bypass pipe 20 extends from the inlet open 
ing 13 to the outlet opening 14 of the housing 12. As a result 
of this embodiment Some of the non-converted exhaust gas 
flowing from the motor 11 is specifically guided past the 
catalyst 10 and mixed with the exhaust gas emerging from the 
catalyst 10 in the area of the outlet opening 14 of the housing 
12. The non-converted cool exhaust gas reduces the tempera 
ture of the treated exhaust gas flowing out of the catalyst 10 so 
that any flames formed can be extinguished by the cold 
exhaust gas. 
0044. In FIG. 12 a dividing wall 24 is arranged inside the 
housing 12 so that a first and a second space 26, 27 are formed 
in the housing 12. In contrast to the exemplary embodiment 
according to FIG. 1 or 5 the catalyst 10 is affixed to the 
dividing wall 24 which forms a connection between the first 
and the second space 26, 27. The catalyst 10 is arranged in an 
opening of the dividing wall 24 and is externally connected all 
the way round to the dividing wall 24 by means of a welded 
seam so that a gas-tight closure is provided. Naturally the 
catalyst 10 can be fixed to the dividing wall 24 by other known 
fixing alternatives. Among other things, it is achieved by the 
dividing wall 24 that the hot exhaust gas emerging from the 
catalyst 10 can no longer enter into the area of the inlet 
opening 13 of the housing 12 so that ignition of the over 
heated exhaust gas from the catalyst 10 which still has 
energy-rich constituents as a result of incomplete conversion, 
is prevented at the inlet opening 13. 
0045 Arranged laterally at a distance from the catalyst 10 
are bypass holes 25 in the dividing wall 24 through which the 
exhaust gas can flow from the first space 26 into the second 
space 27. The partial streams which flow through the bypass 
holes 25 are not converted by the catalyst 10. In the second 
space 27 the exhaust gases which flow from the catalyst 10 
and from the bypass holes 25 are thoroughly mixed. As in the 
exemplary embodiment according to FIG. 5, the exhaust gas 
located behind the catalyst 10 is cooled by the cold untreated 
exhaust gas which enters into the second space 27through the 
bypass holes 25. 
0046. The exhaust muffler 100 can have an insulating layer 
not shown which is preferably arranged on the housing wall 
12. 

0047. It is hereby achieved that the temperature of the 
housing 12 is kept as low as possible. Aluminum silicate 
which is a poor heat conductor, can be used as insulating 
material for example. However, other materials with similar 
insulating properties can also be used. A double-walled 
design is also possible. 
0048. It will be appreciated by those skilled in the art that 
the bypass means illustrated in FIGS. 11 and 12 can be 
applied to any of the exhaust muffler configurations illus 
trated and described herein. Moreover, the spark arresting 
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cover, apertured pipe or channel, and insulating layer can also 
be incorporated into any of the embodiments illustrated and 
described herein. 
0049. Although several embodiments have been described 
in Some detail for purposes of illustration, various modifica 
tions may be made without departing from the scope and 
spirit of the invention. Accordingly, the invention is not to be 
limited, except as by the appended claims. 
What is claimed is: 
1. An exhaust muffler for an internal combustion engine, 

comprising: 
a housing: 
an inlet formed in the housing for receiving exhaust gas 

flowing from the internal combustion engine; 
an outlet formed in the housing for discharging the exhaust 

gas from the housing: 
a catalyst disposed within the housing between the exhaust 

gas inlet and outlet; and 
a wall extending outwardly from the housing and defining 

a generally labyrinth-shaped exhaust outlet channel for 
directing exhaust gas from the housing outlet to the 
environment, whereby the flow path of the exhaust gas in 
the direction of the environment is lengthened. 

2. The exhaust muffler of claim 1, including a cover dis 
posed over the labyrinth-shaped exhaust outlet channel. 

3. The exhaust muffler of claim 1, including a second wall 
extending outwardly from the housing in generally spaced 
relation to the first wall, the second wall defining an ambient 
air passageway for cooling the exhaust gas passing through 
the exhaust outlet channel. 

4. The exhaust muffler of claim 3, including a cover dis 
posed over the first and second walls, and including an ambi 
ent air outlet. 

5. The exhaust muffler of claim 1, wherein the wall 
includes a plurality of angular bends along a length thereof. 

6. The exhaust muffler of claim 5, wherein the angular 
bends comprise generally ninety-degree bends. 

7. The exhaust muffler of claim 1, including means for 
bypassing a portion of the exhaust gas from the internal 
combustion engine around the catalyst so as to cool exhaust 
gas heated by passage through the catalyst. 

8. The exhaust muffler of claim 7, including a bypass pipe 
for passing at least a portion of the exhaust gas flowing out 
from the internal combustion engine around the catalyst. 

9. The exhaust muffler of claim 7, wherein the catalyst is 
arranged at a dividing wall disposed inside the housing defin 
ing a first space and a second space inside the housing, 
wherein the dividing wall has at least one bypass opening to 
permit a portion of the exhaust gas to bypass the catalyst and 
pass from the first space to the second space. 

10. The exhaust muffler of claim 2, including an air baffle 
plate adapted to guide cool air over the cover of the exhaust 
outlet channel and prevent direct contact with the cover. 

11. The exhaust muffler of claim 10, wherein the air baffle 
plate is comprised of a perforated sheet. 

12. The exhaust muffler of claim 1, including a spark 
arrester Screen disposed adjacent to an outlet of the exhaust 
outlet channel. 

13. An exhaust muffler for an internal combustion engine, 
comprising: 
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a housing: 
an inlet formed in the housing for receiving exhaust gas 

flowing from the internal combustion engine; 
an outlet formed in the housing for discharging the exhaust 

gas from the housing: 
a catalyst disposed within the housing between the exhaust 

gas inlet and outlet; 
a wall extending outwardly from the housing and having a 

plurality of angular bends along a length thereof to 
define a generally labyrinth-shaped exhaust outlet chan 
nel for directing exhaust gas from the housing outlet to 
the environment, whereby the flow path of the exhaust 
gas in the direction of the environment is lengthened; 
and 

a cover disposed over the exhaust outlet channel. 
14. The exhaust muffler of claim 13, including a second 

wall extending outwardly from the housing in generally 
spaced relation to the first wall, the second wall defining an 
ambient air passageway for cooling the exhaust gas passing 
through the exhaust outlet channel. 

15. The exhaust muffler of claim 14, including a cover 
disposed over the first and second walls, and including an 
ambient air outlet. 

16. The exhaust muffler of claim 13, wherein the angular 
bends comprise generally ninety-degree bends. 

17. The exhaust muffler of claim 13, including means for 
bypassing a portion of the exhaust gas from the internal 
combustion engine around the catalyst So as to cool exhaust 
gas heated by passage through the catalyst. 

18. An exhaust muffler for an internal combustion engine, 
comprising: 

a housing: 
an inlet formed in the housing for receiving exhaust gas 

flowing from the internal combustion engine; 
an outlet formed in the housing for discharging the exhaust 

gas from the housing: 
a catalyst disposed within the housing between the exhaust 

gas inlet and outlet; 
a first wall extending outwardly from the housing and 

having a plurality of angular bends along a length 
thereof to define a generally labyrinth-shaped exhaust 
outlet channel for directing exhaust gas from the hous 
ing outlet to the environment, whereby the flow path of 
the exhaust gas in the direction of the environment is 
lengthened; 

a second wall extending outwardly from the housing in 
generally spaced relation to the first wall, the second 
wall defining an ambient air passageway for cooling the 
exhaust gas passing through the exhaust outlet channel; 
and 

a cover disposed over the first and second walls, and 
including an ambient air outlet. 

19. The exhaust muffler of claim 18, wherein the angular 
bends comprise generally ninety-degree bends. 

20. The exhaust muffler of claim 18, including means for 
bypassing a portion of the exhaust gas from the internal 
combustion engine around the catalyst So as to cool exhaust 
gas heated by passage through the catalyst. 
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